We herein report a case of infective endocarditis associated with mitral valve prolapse (MVP) in a 34-yearold man with Klinefelter syndrome. The patient was admitted with a fever and headache that had persisted for three weeks. Repeated blood cultures showed growth of Streptococcus oralis. Echocardiography demonstrated severe mitral regurgitation with a large vegetation attached to the prolapsed anterior leaflet. Surgical plasty of the mitral valve was performed because the vegetation measured over 10 mm in diameter and there was a risk of recurrence of embolic complications. This case demonstrates the link between MVP and Klinefelter syndrome and highlights the importance of performing cardiovascular screening and preventing endocarditis.
Introduction
Prolapse of the mitral valve has been identified in patients with hereditary and connective tissue disorders, including Marfan syndrome, Ehlers-Danlos syndrome and pseudoxanthoma elasticum, as well as patients with Klinefelter syndrome, the most common genetic cause of male infertility. We herein report a rare complication of infective endocarditis of a prolapsed mitral valve in a patient with Klinefelter syndrome.
Case Report
A 34-year-old man was admitted to our hospital with a fever and headache lasting for three weeks despite the administration of primary treatment with antibiotics. The patient was diagnosed with a chromosomal abnormality of Klinefelter syndrome after undergoing in vitro fertilization therapy. In his past clinical course, he had received no diagnoses of heart murmurs, diabetes mellitus, obesity or mental retardation. His bone mineral density and hormonal abnormalities were not examined precisely, and he received no testosterone substitution therapy. He had no family history of genetic disease or valvular heart disease. On the second day after admission, two sets of his blood cultures showed growth of Streptococcus oralis. Echocardiography revealed severe regurgitation of the mitral valve associated with a vegetation on the anterior leaflet. The patient was diagnosed with infective endocarditis of the mitral valve and transferred to our department.
On a physical examination, the patient's body height was 180 cm, his body weight was 57 kg and his temperature was 37.6 . An oral examination revealed many cavities in the teeth. No Osler's nodes or Janeway's lesions were observed. A grade 2/6 systolic regurgitant murmur was heard at the apex. No wrist signs or thumb signs suggestive of Marfan syndrome were noted. A chest radiograph showed no cardiomegaly. Echocardiography (Fig. 1 ) revealed severe regurgitation of the mitral valve with prolapse of the anterior leaflet, and the left ventricular ejection fraction was 77%. A vegetation associated with endocarditis (diameter, tion of the C-reactive protein (2.83 mg/dL) and procalcitonin (1.9 ng/mL) levels suggested systemic inflammation.
The intravenous daily administration of ampicillin (12 g) and gentamicin (120 mg) was initiated, which reduced the patient's fever. On the second day after admission, enhanced computed tomography (CT) and brain magnetic resonance imaging (MRI) (Fig. 3) showed embolic infarction of the spleen and cerebrum. Due to these embolic complications and the fact that the vegetation measured over 1 cm in diameter, surgical plasty of the mitral valve was performed on day 22 after admission, according to the Japanese Circulation Society guidelines for the prevention and treatment of infective endocarditis. The vegetation was attached to a ruptured A2 strut chorda, which was removed and reconstructed with artificial chordae. Tissue sections of the mitral valve revealed a myxomatous valve structure with surface accumulation of fibrins and necrotic tissue (Fig. 4) . These findings were conventional and compatible with a diagnosis of myxomatous degeneration accompanied by infective endocarditis. During the patient's postoperative treatment, he suffered from skin eruptions induced by ampicillin and/or gentamicin; these agents were thus switched to ceftriaxone and vancomycin. He was discharged on day 79 with no other complications.
Discussion
The most common sex chromosome abnormality, Klinefelter syndrome, is defined as the presence of at least one Y chromosome and two or more X chromosomes and is characterized by gynecomastia, azoospermia and small testes, resulting in male infertility. Although the estimated prevalence of Klinefelter syndrome is approximately 1 in 600 male newborns (1), only one-fourth of adult men are diagnosed due to the discrete nature of the symptoms.
Mitral valve prolapse (MVP) is a common cause of mitral regurgitation, with an estimated prevalence of 2.4% in the general population according to the Framingham Heart Study (2). Fricke et al. reported 12 patients with MVP and three patients with mitral regurgitation among 22 patients with Klinefelter syndrome (3, 4) . A case of Klinefelter syndrome with acute regurgitation of the mitral valve caused by myxomatous degeneration of the valve and ruptured chordae, suggesting the involvement of the subvalvular apparatus, has also been reported (5) . Clinicians should therefore pay attention to possible abnormalities of the mitral valve structure in patients with Klinefelter syndrome. On the other hand, in one study, no cases of MVP were noted among 69 patients with Klinefelter syndrome in comparison with 48 age-matched controls (6) . In addition, in another study, three (12%) of 25 patients with Klinefelter syndrome exhibited small mitral valve regurgitation; however, none of these patients had primary mitral valve disease, including MVP (7). To date, the clinical findings are insufficient to determine the exact prevalence of and pathological association between Klinefelter syndrome and MVP. The accumulation of cases and large-scale cohort studies is therefore required to clarify the specific pathology and causal association between Klinefelter syndrome and MVP.
MVP is more prevalent in patients with connective tissue disorders, including Marfan syndrome (8), Ehlers-Danlos syndrome (9) , osteogenesis imperfecta (10) and pseudoxanthoma elasticum (11). Bastianon et al. reported that 12 of 46 patients with Turner syndrome had MVP (12) . The risk of aortic dissection is also significantly increased in patients with Turner syndrome (13, 14) . Therefore, sex chromosome disorders may potentially induce vulnerability of connective tissue, which plays a key role in MVP, as shown in this case and other reports of Klinefelter syndrome (5) . Interestingly, a locus on chromosome X, Xq28, has been found to cosegregate with that of X-linked myxomatous valvular dystrophy (15, 16) . In addition, mutations in the filamin A gene were recently identified in a large French family with Xlinked myxomatous valvular dystrophy (17, 18) .
Klinefelter syndrome is the most common sex chromosome abnormality; however, many adult patients remain undiagnosed. This report highlights the importance of making a genetic diagnosis and screening for valvular diseases in patients with Klinefelter syndrome and other diseases associated with connective tissue vulnerability. Conversely, patients with a diagnosis of MVP may require a differential diagnosis of Klinefelter syndrome or other connective tissue diseases. Although the incidence of infectious endocarditis is very low in patients with MVP, primary prevention of endocarditis is warranted when a patient with Klinefelter syndrome exhibits MVP.
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